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Abstract: 


A general method for obtaining the information which enables a braider to 
braid any Column-coded Regular Knot is fully discussed, together with the 
necessary conventions used for Regular Knots. Refinements, such as an aid in 
carrying out a continual check on the braiding progress; and the construction 
of a Column-coded Regular Knot by starting at the midpoint of its string- 
length, are dealt with. Finally, braiding to a weaving-pattern is briefly treated. 
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Column-Coded Regular Knots 


Each of the Figures 1, 2 and 3 represents a column-coded Regular Flat Braid of 
seven strings and five bights. A Regular Flat Braid is a flat braid having all its left- 
hand bights on a single straight line and at the same time all its right-hand bights on 
another parallel single straight line. It consists of two sets of parallel string-segments 
running from one bight-boundary to the other. 


Imagine that behind any of the braids is placed a horizontal cylinder and that we 
wrap the braid backwards around the cylinder, joining the top number 1 to the bottom 
number 1, the top number 2 to the bottom number 2, the top number 3 to the bottom 
number 3, ..., and finally the top number 7 to the bottom number 7. The result is a 
Regular Cylindrical Braid. 


If we now follow any chosen string round and around the cylinder, we shall find 
that after seven complete revolutions we return to our starting point. Thus the Regular 
Cylindrical Braid can be made from one single string. Such single string braids, which 
can be thought of as being endless Regular Flat Braids, are called Regular Knots. 


By reversing the process, we can cut a Regular Knot along a cylinder-generating line 
which lies between two adjacent rows of string-intersections, and then unroll it into a 
flat plane in front of the cylinder. A simple projection onto the plane then provides the 
grid-diagram of the knot. 


The grid-diagram consists of the following two parts: 
(1) The string-run. This is the way the string is laid down upon the 
cylinder, without regard to the inter-weaving required. 
(2) The coding. This is the way in which the desired weave-pattern is 
achieved, as the string is laid down. 


In the Figs. 1,2,3 the central diagrams represent the string-run, and the right-hand 
diagrams represent the string-run and coding (the complete grid-diagram). 


In these grid-diagrams we can draw vertical lines through the string-intersections. 
Such vertical lines are called intersection-columns. A Regular Knot is Column-coded 
when each intersection-column has the same coding. That is, when all intersections 
in a given column have the same coding. Note that different columns may be coded 
differently. Hence Regular Knots with grid-diagrams as in Figs. 1,2 and 3 are Column- 
coded Regular Knots. 


The distance between two adjacent vertical lines represents one part. 
Before discussing some different methods by which these knots can be braided, we 


shall first introduce the reader to a little mathematics that serves as a useful tool in 
these methods. 


Fig. 1 — Turk’s Head Coding. 


Fig. 2 — Two-pass Headhunter’s Coding. 


Fig. 3 — Three-pass Ring Knot Coding. 


Some Braiding Mathematics 


When constructing cylindrical braids, a string is passed round and around a cylinder, 
forming half-cycles (from left-hand bights to right-hand bights and vice-versa) in a 
string-run as it goes. Each time it passes round the cylinder, the newly formed half- 
cycles may overlay those which were formed previously. In order to study relative bight 
and string-crossing positions on a cylinder, it is natural to use what is called modular 
arithmetic (or clock arithmetic). It is in fact nature’s cyclic arithmetic. 


Suppose we mark twelve equi-distant points around a section of a cylinder (to use a 
“12-hour clock” example), and wrap two portions of string (say A and B) round it, in 
a clockwise direction. 


Let the length of portion A be equal to 6 
units, and the length of portion B be equal to 


2°4' string, B 
9 units. 


The strings are joined end-to-end, so their 
total length is 15 units. 

The string begins at position 0 (equivalent 
to position 12) and ends at position 3. . 

Thus, by “ordinary” arithmetic we would String, A 
obtain A+ B = 15; however by “clock arith- 
metic” we obtain A+ B=3. 


In effect, every time we pass completely round the cylinder we discard 12 units from 
our sum, and start counting from 0 again. This is called modulo-12 addition. 

Our notation for this is |A + B l12- We use the notation throughout all our books 
on Braiding. 

The symbols indicate that the ordinary sum of the lengths A and B has to be reduced 
by as many multiples of 12 as it contains; the “answer” is the smallest possible positive 
or zero remainder. In general, we refer to this value simply as the remainder. 


Sometimes in our braiding applications, when it happens that the remainder is r = 0, 
we find it necessary to use the modulus-value (i.e. 12) instead of 0 (refer to the clock 
diagram, where it is seen that 0 and 12 are equivalent, and therefore interchangeable). 

In everyday life, for example, we never say that the time is 0 o’clock, but always 12 
o’clock. 


Examples: 
3+ 4|,, =|7l,, = 73 since 7 +12 leaves 7 as remainder. 
[9 + 10|,, = |19|,. =7; since 19 + 12 leaves 7 as remainder. 
[11 + 5|,, = |16|,, =4; since 16 + 12 leaves 4 as remainder. 


|6 + 6|,. = |12|,, = 0 (sometimes written as 12). 


5 


The modulus of a negative integer can be compared with wrapping the string around 
the cylinder in the anti-clockwise direction. For example, wrapping the strings A+ B= 
15 anti-clockwise on the modulo-12 clock takes us to the point 9 on the clock. Hence 
we can write: 


|-15],. = |-3|,. = 9. 


The easiest way to work this answer out is to take the nearest multiple of 12 above 
15, which is 24, then subtract 15 from 24 which gives the answer 9. 


Further examples are: 


5 —9|,, =|-4l,2 =83 work out (12-4), which gives 8. 
6 — 11|,, =|-5|,4. = 7; work out (12 — 5), which gives 7. 
3 — 22|,, =|-19l,2 =I-7l2=5; work out (24 —19), which gives 5. 
7 +2 —10|,, =|-1],.2 =11; work out (12 —1), which gives 11. 


Numbers other than 12 may be used as a modulus. Once the modulus is given, a 
complete system of addition, subtraction, multiplication and division may be defined, 
in a similar fashion to that of ordinary arithmetic. 


Examples: 


\9|, = 0 (sometimes written as 3). 
|21|, =1 ; since 21 +5 leaves 1 as remainder.. 
8 +15), = |23|, = |5|, = 5. 
\—7|, = |-3|, =1; work out (8 — 7) or (4—3), which gives 1. 
181, a 15\6\, = |24+ 3|, = 5|, = 1], =1. 


In general notation, suppose the modulus is p. Then if N is any integer, it can be 
expressed in the form: 


N=m-p+r, 
where m is the number of multiples of p which causes the remainder r to be a number 
in the interval 0 <r < p. The symbol “<” stands for “less or equal than”, and the 
symbol “<” stands for “less than”. 
Note that m may be any integer; that is, m may be any whole number, positive, 
negative or zero. 
Our general notation for the modulus operation is: 


IN|, =7- 


The following Rules are associated with modular arithmetic. We shall not use them 
in this pamphlet, but some readers may be interested in them, and care to make up 
examples to demonstrate the truth of each one. 


Rules: 
(1) If |A|, = |B, , and IC|, =|D|, , then: 
JA+C|, = IB+D|,, 
|A-Cl,= |B—D|,, 
|A-C|, = Boge ele 


2) |4+Bl,=[l4I, +181, | 
(3) In Al, =n: Al, - 
(4) If |A|, = |B|,, we may not deduce that A = B; 


we can, however, deduce that |A — B|, =0. 
Conversely, |A — B|,, = 0 implies that |Al, = |BI, - 
(5) If |k- Al, = |k- Bl, , then: 
|Al 2 = |Bl 2 , where g.c.d.(k,p) =d. 


“g.c.d.(k,p)” stands for: “the greatest common divisor of k and p”. 


Sometimes it is necessary to calculate the absolute value of a number. It is the 
positive value of a number. The symbol for the absolute value of a number is a vertical 
bar on each side of the number. 


Examples : 
ig] = 8. 
lo] =0. 
|—4| = 4. 


117 +5] = [22] = 22. 
396) = |=03) = 98. 


a8) es a = 
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Some Conventions 


To enable the efficient use of grid-diagrams, we have to follow some general con- 
ventions. Although opposing half-cycles intersect each other at about 90°, there is no 
readily available graph-paper with grid-lines at 45° to the short and long edges of the 
paper. There is, however, an isometric grid-paper available ‘n which the main grid-lines 
‘ntersect each other at 120°; these lines make angles of 30° with the long side of the 
paper. Furthermore this graph-paper contains lines, running through the intersection 
points of the main grid, perpendicular to the long side of the paper, which makes this 
graph-paper ideally suited for the drawing of grid-diagrams. Fig. 4 gives a sample of the 
actual grid. 
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Fig. 4 — Isometric grid-paper. 


This isometric graph-paper can be ordered from any stationary outlet, and is avail- 
able in New Zealand in two sizes: - 
(1) Foolscap size; 50 sheet pad, No. 0810 Isometric Grid, Gormack Graph 
Papers : Christchurch N.Z. 
(2) A3 size; 50 sheet pad, No. L110X Isometric Grid, Gormack Graph 
Papers : Christchurch N.Z. 


We have mentioned earlier how we obtain a grid-diagram from an actual Regular 
Knot, by an imaginary cut along a cylinder-generating line between two adjacent rows 
of string-intersections, and then unrolling it into a flat plane in front of the cylinder. A 
subsequent projection onto the plane provides the grid-diagram of the knot. 

This imaginary cutting-line can be represented on the graph-paper in two ways: 


either as on the left-hand side of Fig.5, or as on the right-hand side of Fig. 5. 


Since we unrolled the “cut” knot, this imaginary cutting-line appears twice in the 
grid-diagram: at the top and at the bottom. The left-hand bight-boundary is the 
vertical bounding line at the left-hand side of the grid-diagram, and the right-hand 
bight-boundary is the vertical bounding line at the right-hand side of the grid-diagram. 
We mentioned earlier that the distance between two adjacent vertical lines represents 
one part, hence the horizontal “distance” between the two vertical bounding lines is 
equal tu the number of parts of the Regular Knot. 
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Fig. 5 — The imaginary cutting-line 
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Fig.6 — The outlines of a ?-part/5-bight Regular Knot 
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The string-run of the Regular Knot is now represented by the slanting grid-lines 
within the horizontal and vertical bounding lines of the diagram. Fig. 7 gives the string- 
runs for a 7-part/5-bight Regular Knot for both methods of representation. 


ae vt 


CSS SS 


ae 
Fig. 7 — The string-run of a 7-part/5-bight Regular Knot. 


All the vertical lines of the grid-diagram are numbered from left to right and from 
right to left. In each case we start with the appropriate bight-boundary, which recelves 
the number “0”; hence the last vertical line to be numbered is the other bight-boundary, 
which consequently receives a number that is equal to the number of parts of the Regular 
Knot. Fig. 8 gives these numberings for a 7-part /5-bight Regular Knot for both methods 


of representation. 


Fig. 8 — The numbering of columns. 


The coding of a knot is represented by thick line-segments placed on crossings; they 
indicate the type of crossing which takes place at string “intersections”. The convention 


we use in all our publications is presented in Fig. 9. 


A B A B 


String A over string B 


String A under string B 
String B under string A 


String B over string A 


Fig.9 — The coding conventions. 
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Fig. 10 — Bight-index numbers and Bight-numbers. 
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The bights, on each of the bight-boundaries, are numbered in consecutive order; 
these numbers are called bight-index numbers. The beginning of the string with 
which the Regular Knot is constructed is indicated by “S”, the “Standing End”. The 
opposite end of the string is called the “Working End”, and is indicated by “W”. The 
knot construction starts at bight-index number “0”, and the bight on this first half-cycle, 
on the opposite bight-boundary, also carries the bight-index number “0”. From these 
initial bights on either bight-boundary, the further bights receive bight-index numbers 
in consecutive order in the direction of braiding. This is illustrated for the four possible 
starts in Fig. 10. 


The bights, on the bight-boundary opposite to the bight-boundary where the braid- 
ing of the knot commences, receive an additional set of numbers, called bight-numbers. 
These are associated with the braiding cycles. The bight between the first and second 
half-cycle (hence the apex of the first cycle) receives the bight-number 0; the bight be- 
tween the third and fourth half-cycle (hence the apex of the second cycle) receives the 
bight-number 1; the bight between the fifth and sixth half-cycle (hence the apex of the 
third cycle) receives the bight-number 2; and so on. Fig. 10 illustrates this numbering 
scheme for the four possible starts. 
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A General Braiding Method 


There are several methods for working out the necessary information which will 
enable the braider to construct the Column-coded Regular Knot he desires. Some 
braiders prefer to use sequence patterns of the braid; however it should be realised that 
they are then restricted in the parts and bights numbers which can be employed for 
the Column-coded Regular Knots. Restricting the number of bights to certain values 
necessitates that one has to cut the strings to the correct width when the knot has to 
fit a given diameter. The string-width depends largely on the number of bights of the 
knot and the diameter over which it has to fit, but the string-width is further influenced 
by the type of braiding pattern and the thickness of the strings. To complicate matters 
further, it also depends on the tightness with which the knot will be braided. It 1S 
therefore impossible to give an exact formula for the width of the string when the 
number of bights of the knot and the diameter over which it has to fit are given; only 
an approximate, emperical relationship can be given (see Ref. [1] pages 85,86). Hence 
the reader will appreciate that, unless we braid always the same articles and always use 
the same type of knots, we must be able to vary the number of bights slightly in order 
to braid a knot to a high standard. 

Besides the problem of cutting the string to the correct width, which is not known 
exactly, the braider might braid in a material of which the string-width cannot be chosen 
arbitrarily. 


For the above reasons we strongly advise the reader against using such restrictive 
methods, of braiding to sequence patterns of braids. Nevertheless, for those who don’t 
want to progress beyond such methods, and hence are satisfied with a very limited 
amount of braiding knowledge, we shall discuss later in this pamphlet some methods 
which can be used for “sequence pattern braiding”. 


There is not the slightest doubt that braiding a knot with the aid of half-cycle algo- 
rithms is the best and most general method. Furthermore we can apply two refinements 
to this method, which increase braiding efficiency considerably. We shall discuss these 
later in this pamphlet. Hence the reader is strongly advised to acquire the necessary 
skill in using the half-cycle algorithm method efficiently. 


In this Section we shall discuss a method which will supply the braider with the 
necessary information for developing the half-cycle algorithm method used for braiding 
a Column-coded Regular Knot. 

This information is obtained by making use of what is called “the complementary 
cyclic bight-number scheme” (see Ref. [2], pages 21-23). From this scheme we can read off 
the sequential column-numbers where a half-cycle “intersects” the previously laid down 
half-cycles. Since we are dealing with Column-coded Regular Knots, these column- 
numbers can be replaced by their respective codings. Consequently the sequence of 
sequential column-numbers obtained from the complementary bight-number scheme be- 
comes the braiding algorithm for this half-cycle. 

We shall explain the procedures with the aid of examples. Diagrams of these are 
shown in Figures 11,12 and 13. 
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Fig. 13 — Regular Knot of Example 3. 
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Example 1: 


Suppose we want to braid a 2-pass Gaucho Knot with 13-parts and 10-bights (p = 13 
and 6 = 10), and that its Column-coding is as given below: 
columns numbered 
left to right — 0 1 2 3 4 5 6 7 8 9 10 11 12 13 
a a ee 
right to left —> 13 12 11 10 9 8 7 6 5 4 3 2 1 «9 
First we construct the complementary cyclic bight number-scheme. This can be done 
in two ways: 
(A) Mark on a horizontal line a number of positions that is equal to the number of 
bights. Hence we have to mark off 10 positions as follows: 


We shall allocate to these positions bight-numbers in a special order. In the con- 
struction of this order the value of |—p|, is used. Thus in this example we shall have to 
use the value |—13|,, = 7. 


The first position on the left-hand side is always given the bight-number 0. Now 
count 7 further positions to the right, and give this last position the bight-number 1. 
0 1 


Count again 7 further positions to the right, and give this last position the bight- 
number 2. In this counting of positions to the right, it should be realised that the bights 
on a bight-boundary lie equally spaced on a circle, hence after the last position on the 
right follows the first position on the left, which was given the bight-number 0. Hence 
the following result is obtained: 


0 2 1 


_ Count again 7 further positions to the right, and give this last position the bight- 
number 3. Hence the following result is obtained: 


0 3 2 1 


Keep repeating this construction process of the complementary cyclic bight-number 
scheme till all the positions have received a bight-number. This will result in the fol- 
lowing complementary cyclic bight-number scheme for our example : 


0 3 6 9 2 5 8 1 4 7 


(B) The reader will observe that in the above derived complementary cyclic bight- 
number scheme the difference between any two consecutive bight-numbers is equal to 3. 
Note that the difference between the bight-numbers 9 and 2 is equal to 3 since 9+3 = 12, 
but bight-number “12” is bight-number 2, due to the cyclic positioning of the bights on 
the bight-boundaries of the Regular Knot. Hence when the bight-number of a position 
in this complementary cyclic bight-number scheme is known (say its value is x), then 
its consecutive bight-number will be |z + 3], = |z + 3|,)- Thus, for example, when z is 
equal to 8, its consecutive bight-number is equal to |8 + 3|,, = pg bs 


This difference between two consecutive bight-numbers in the complementary cyclic 
bight-number scheme is indicated by the symbol A* = Al, (see Ref. [2]). 
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The value of A* can be calculated by means of the following formula: 
m*-b+1 


a 
|—pl, 


b 
The value of m* is to be that integer (positive, zero or negative) which is such that 


the value of 
m* « ll), 7 : 


|—pl, 


is the smallest whole number possible. 


Integers are the numbers: ---,—3, —2,—1,0, +1, 4+2,43,-°° 
Whole numbers are the numbers: 0, +1, +2, +3,°°° 


Hence in our example we obtain the following calculations: 


m*- [bl 5), + 1 _ m* -|10])_33,, + 1 _ me _ ma 
l—pl, |-13}19 7 7 7 
is the smallest whole number possible. 
This will be the case when we take m* = 2. Then: 
ar = fetes _|2-10+1 (i+ -|F = |3\jo = 3. 
—p\, b |-13],, 10 7 10 7 10 


We have already seen above how we can construct, with the aid of the A*-value, the 
complementary cyclic bight-number scheme, starting at the left-most position which 
carries always the bight-number 0. 


After obtaining, either by the method under (A) or by the method under (B), the 
complementary cyclic bight-number scheme, we incorporate it in the diagram which 
displays the column-coding, and the column numbering from left to right and from 
right to left. For the convenience of the reader we repeat this diagram below: 
columns numbered 


left to right —> 01 2 3 4 5 6 7 8 9 10 11 12 18 


a an ar a oe oe 
mentite lei) 4842 12 10 9 8 7 Oe 2 eS Bt so 


Firstly, we insert the obtained complementary cyclic bight-number scheme between 
the “columns numbered left to right” line and the “coding” line, starting at column- 
number 0. 

Secondly, we insert the obtained complementary cyclic bight-number scheme in re- 
verse order between the “coding” line and the “columns numbered right to left” line, 
starting at column-number 0. 


This will give the following result : 


Columns: L — R 0 1 2 3 4 5 6 7 8 9 10 11 12 18 
Bight-numbers —> 0 3 6 9 2 5 8 1 4 7 

a eo en oe ee 
Bight-numbers -— 7 4 1 8 56 2 9 6 3 0 
Columns: L —— R 1312 11 10 9 8 7 6 5 4 3 2 1 =O 
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The reader will notice some empty spaces in the two “bight-numbers” lines, respec- 
tively above and below indicated codings. These spaces have still to be provided with 
bight-numbers. This is done by repeating the already established entries as far as is 
necessary. Hence the completed final diagram is as follows: 


Columns: L — R 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

Bight-numbers —> 0 3 6 9 2 5 8 1 4 7 0 3 6 
ree Yo eS A PF Gh A 

Bight-numbers — 6 3 0 7 4 1 8 5 2 9 6 3 QO 


Columns: L —— R 13 12 11 10 9 8 7 6 5 4 3 2 41 9 


This diagram, called the algorithm-diagram, contains all the information required 
for braiding the required 13-part/10-bight 2-pass Gaucho Knot. 


With a little experience we can braid the knot directly from it, or lacking such expe- 
rience, we can first write down the half-cycle braiding algorithms from this algorithm- 
diagram, and braid the knot from that. Since this algorithm-diagram is a general 
algorithm-diagram for the construction of the knot in question, we can braid this knot 
in any way desired. We can braid it wholly “upwards”, starting with the first half-cycle 
at a left bight and moving from lower-left to upper-right, or we can braid it wholly 
“downwards”, starting with the first half-cycle at a left bight and moving from upper- 
left to lower-right; when left-handed, we can braid it wholly “upwards”, starting with 
the first half-cycle at a right bight and moving from lower-right to upper-left, or we 
can braid it wholly “downwards”, starting with the first half-cycle at a right bight and 
moving from upper-right to lower-left. We can also braid it partly “upwards” and partly 
“downwards”, a preferred way when the knot requires a long length of string. 


Before deriving a half-cycle braiding algorithm from the obtained algorithm-diagram, 
we shall first discuss an important relationship between half-cycles and bight-numbers. 
The half-cycles are numbered in sequential order as they are laid down. Thus, first we 
lay down half-cycle 1, then half-cycle 2, then half-cycle 3, then half-cycle 4, and so on. 
Hence we have odd half-cycles and even half-cycles. Half-cycle 1 is a special one: 
since it is the very first half-cycle in the braiding process, it is always a “free run”; that 
is, it cannot “intersect” a previously laid down half-cycle since there isn’t one. Hence in 
the derivation of the half-cycle braiding algorithms, we start with the second half-cycle. 

With each bight-number there are, in general, associated two consecutive half-cycles; 
an even one and an odd one. The odd half-cycle “intersects” always the same column- 
numbers as the even half-cycle (note that the column-numbers are the same, not the 
columns, since for one half-cycle the columns are numbered from left to right, and for 
the other half-cycle the columns are numbered from right to left). 


Suppose an even half-cycle is h, , then its associated bight-number 2 is equal to: 


--, Her? 
, = —— ; 
2 
and suppose an odd half-cycle is h, , then its associated bight-number 27 is equal to: 
Ng 
1 = ——., 
2 


A half-cycle (even or odd) which is associated with bight-number intersects 
all column-numbers which in the algorithm-diagram correspond to the bight- 
numbers which are less than or equal to 7. 


17 


Thus for example, the 12¢ half-cycle ‘5 associated with bight-number : 


os) 


=O: 


—_> ««__ ee 
1=— 


oa eee 1 
a 2 


ernrFrli res 
— 


If we braid this half-cycle upwards from right to left, we obtain from the alg@xithm- 
- diagram for this half-cycle the following algorithm : 
Bn gp -u-o- due 


Note that we sntersect the Column-numbers (right to left) 1,4, 5,7,8,10,11 - 
If, for example, we braid this half-cycle downwards from left to right, we obtain 
from the algorithm-diagram for this half-cycle the following algorithm : 
y —o-u—20—U— O° 
Note that we ‘ntersect the Column-numbers (left to right) 1,4,5,7,8, 10,11 . 


The 17% half-cycle, for example, is associated with bight-number: 


14 
es 


— 
— 


ho—-3 17-3 7 
2 


If we braid this half-cycle upwards from left to right, we obtain from the al gorithm- 
diagram for this half-cycle the following algorithm : 
qty on ao a 
Note that we intersect the Column-numbers (left to right) 1,2,4,9, 7,8,9, 10,11, 12 
If, for example, we braid this half-cycle downwards from right to left, we obtain 
from the algorithm-diagram for this half-cycle the following algorithm : 
5 ow 20~ 2b = 20 


Note that we sntersect the Column-numbers (right to left ) 1,2,4,9, 7,8,9, 10,11,12 


Below we present the complete algorithm-table for braiding this knot wholly up- 
wards; for each half-cycle its associated bight-number :5 indicated. 


de LR: free run . 

9 (=0) R—L: O. 

3. (i =9) LR? 8 @3 

4. (i=1) Poe? we 

5, (i=1) L—oR: U7? 

6. (i=2) R—L: @u—?: 

7. (i=2) L—oR: 2? 

g (i=3) R—L: 9-2u-9—U- 

9 (i =3) L—R: 9 -2u-o-4¥- 

10. (1 =4) R—L: o9-3u-0-—U- 

11. (¢@=4) LR: 9 -3u-—0-—U- 

io, =5) R—L: oh e> ee 
13. (i=5) LR: ee er ea ia 
14. (i =6) R—L: (poe ee ee 
15. (i =8§) LR: | ol eee 
16. G=7) R—L: oa a= a ee oe 
17. (§=7) LR: io th eae 20 oth 
18. (i =8) R—L: D9 =~ th — 20 2 20 A 


19. (1 =8) LR: 59 — ur —20— 2u— 2o— au. 
90. (i =9) RL: o9 — Qu — 20 — 24 — 20 — au. 
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Example 2: 


Suppose we want to braid an 18-parts and 7-bights (p = 18 and b = 7) Column-coded 
Regular Knot, whose Column-coding is as given below: 
columns numbered 
left toright-—+ 9 1 23 4 5 67 8 9 1011121 14 15 16 17 18 
BARAT e ee arr eara ew 
right to left —, 18 17 16 15 14131211109 8 76543 9 4 


bs 
i) 


First we construct the complementary cyclic bight number-scheme which, as we have 
seen in Example 1, can be done in two ways: 


(A) Mark on a horizontal line a number of positions that is equal to the number of 
bights. Hence we have to mark off 7 positions as follows: 


To these positions we shall allocate bight-numbers. The value of |—p|, is used in this 
process. T’hus in this example we have to use the value |—18|, = 3. 


The first position on the left-hand side is, as we have seen jn Example 1, always 
given the bight-number 0. Now count 3 further positions to the right, and give this last 
position the bight-number 1. 

0 1 


Count again 3 further positions to the right, and give this last position the bight- 
number 2. Hence the following result is obtained: 
0 1 2 


Count again 3 further positions to the right, and give this last position the bight- 
number 3. In this counting of positions to the right, it should be realised that the bights 
on a bight-boundary lie equally spaced on a circle, hence after the last position on the 
right follows the first position on the left, which was given the bight-number 0. Hence 
the following result is obtained: 


0 3 1 2 


Keep repeating this construction process of the complementary cyclic bight-number 
scheme till all the positions have received a bight-number. This will result in the fol- 
lowing complementary cyclic bight-number scheme for our example: 

Uo 8 1) 6.4: 9 


(B) The reader will observe that in the above derived complementary cyclic bight- 
number scheme the difference between any two consecutive bight-numbers is equal to 5. 
Note that the difference between the bight-numbers 5 and 3 is equal to 5 since o+5 = 10, 
but bight-number “10” is bight-number 3, due to the cyclic positioning of the bights on 
the bight-boundaries of the Regular Knot. Hence when the bight-number of a position 
in this complementary cyclic bight-number scheme is known (say its value is z), then 
its consecutive bight-number will be jz + 5], = |e + 5|,. Thus, for example, when z is 
equal to 6, its consecutive bight-number js equal to [6+ 5|, = |11|, = 4. 


As mentioned in Example 1, this difference between two consecutive bight-numbers 
in the complementary cycle bight-number scheme is indicated by the symbol A*. 
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The value of A* can be calculated by means of the following formula: 
At = ee | 
l—pl, b 


The value of m* is to be that integer (positive, zero OF negative) which is such that 


the value of 
m* + |bl\_pi, ++ 


\—pl, 


is the smallest whole number possible. 


Integers are the numbers: °"" > Hs 25 —1,0,+1, 49,43,°°° 
Whole numbers are the numbers: 0, +1, +42, 13 oe 


Hence in our example we obtain the following calculations : 
m* -|bl pi, +2) _ |r lThtste 7 = -\TI3 + | e a | 
———— =— eo — ————— —_— | —_——_. 
|—P\, |-18|, 3 3 
is the smallest whole number possible. 
This will be the case when we take m* = —1- Then: 


sie tal alef 4 —6 

anes -\ -|=| oh il 
|-18|, |r 7 7 

We have already seen above how we can construct, with the aid of the A*-value, the 


complementary cyclic bight-number scheme, starting at the left-most position which 
carries always the bight-number 0. 


m*-b+1 
l—pl, 


— 


—— 
— 


b 


— 


After obtaining, either by the method under (A) or by the method under (B), the 
complementary cyclic bight-number scheme, We incorporate it in the diagram which 
displays the column-coding, and the column numbering from left to right and from 
right to left. For the convenience of the reader we repeat this diagram below: 


columns numbered 


ieee. Of 2 ee 7 8 9 1011 12 
Teceerecee sc eeres 
ight to left —+ 18 17 16 1 14131211109 8 7 § 


j— 


Firstly, we insert the obtained complementary cyclic bight-number scheme between 
the “columns numbered left to right” line and the “coding” line, starting at column- 
number 0. 

Secondly, we insert the obtained complementary cyclic bight-number scheme in re- 
verse order between the “coding” line and the “columns numbered right to left” line, 
starting at column-number 0. 


This will give the following result : 


Columns: L —> R 01 2 3 7 8 9 10 11 12 13 14 15 16 17 Lb 
Bight-numbers —~ 0 95 


3 1 
Po a ao a 


/ 
Bight-numbers «— 2 
Columns: L — R 18 17 16 15 14 18 121110 9 8 ? 6 


4 5 6 
6 4 2 
2 
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The reader will notice some empty spaces in the two “bight-numbers” lines, respec- 
tively above and below indicated codings. These spaces have still to be provided with 
bight-numbers. This is done by repeating the the already established entries as far as 
is necessary. Hence the completed final diagram is as follows: 


Columns: L—+R 0 12 3 4 & 6 7 8 9 10 11 12 13 14 15 16 17 18 


Bight-numbers —+ 0 59 3 1642 90 5 3 1642 0 5 3 1 
xr. RMT PR eg ae ay ee 

Bight-numbers —— 1350246413 569 9 4613 50 

Columns: L —— R 18 17 16 15 14 13 12 1] 109 8 7 6 5 43 92 1 0O 


This algorithm-diagram contains all the information required for braiding the re- 
quired 18-part/7-bight knot. 


As mentioned before, with a little experience we can braid the knot directly from it, or 
lacking such experience, we can first write down the half-cycle braiding algorithms from 
this algorithm-diagram, and braid the knot from that. Since this algorithm-diagram is 
a general algorithm-diagram for the construction of the knot in question, we can braid 
this knot in any way desired. We can braid it wholly “upwards”, starting with the first 
half-cycle at a left bight and moving from lower-left to upper-right, or we can braid it 
wholly “downwards”, starting with the first half-cycle at a left bight and moving from 
upper-left to lower-right; when left-handed, we can braid it wholly “upwards”, starting 
with the first half-cycle at a right bight and moving from lower-right to upper-left, or 
we can braid it wholly “downwards”, starting with the first half-cycle at a right bight 
and moving from upper-right to lower-left. We can also braid it partly “upwards” and 
partly “downwards”, a preferred way when the dimensions of a knot are such that a 
long length of string is required in its construction. 


As mentioned under example 1, each bight-number is, in general, associated with 
two consecutive half-cycles; an even one and an odd one. The odd half-cycle “intersects” 
the same column-numbers as the even half-cycle (note that the column-numbers are 
the same, not the columns, since for one half-cycle the columns are numbered from left 
to right, and for the other, the columns are numbered from right to left). 


When an even half-cycle is indicated by h., then its associated bight-number 7 js 
equal to: 


. he -2 
pclae eal 
and when an odd half-cycle is indicated by ho, then its associated bight-number 7 is 
equal to: h, —3 
— ae 


A half-cycle (even or odd) which is associated with bight-number i intersects 
all column-numbers which in the algorithm-diagram correspond to the bight- 
numbers which are less than or equal toi. 

Thus for example, the 10t* half-cycle is associated with bight-number: 
. he-2 ee oe 

9 20° 27 

If we braid this half-cycle upwards from right to left, we obtain from the algorithm- 

diagram for this half-cycle the following algorithm: 
Oo-U—-—o- 3u—o0-u—30—y. 


— 
— 
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Note: intersected Column-numbers are (right to left) 2,3,5,6, 7,9, 10, 12,13,14,16,17. 


If, for example, we braid this half-cycle downwards from left to right, we obtain 
from the algorithm-diagram for this half-cycle the following algorithm: 
o-u—o—3u—o0-—u-—so-U. 


Note: intersected Column-numbers are (left to right) 2,3, 5,6, 7,9, 10, 12,13,14,16,17. 
The 7¢* half-cycle, for example, 1s associated with bight-number: 


ho-3 _ 7-3 _4_, 
> #2 2 


If we braid this half-cycle upwards from left to right, we obtain from the algorithm- 
diagram for this half-cycle the following algorithm: 
30 —3u—o. 
Note that we intersect the Column-numbers (left to right) 3,6, 7,10, 13, 14,17. 
If, for example, we braid this half-cycle downwards from right to left, we obtain 
from the algorithm-diagram for this half-cycle the following algorithm : 
30 — 3u—o. 
Note that we intersect the Column-numbers (right to left) 3,6, 7,10, 13,14, we 


|= 


Below we present the complete algorithm-table for braiding this knot wholly up- 
wards; for each half-cycle its associated bight-number 1s indicated. 


de L—R: free run. 

2. G20) Rete: u—o. 

3. (¢=0) L—-R: o—U. 

4. (G21) Rob: 2u—2o0-—u. 

5. el) ieee 20—2u—o. 

6. (eS2) Reels 3u —30—Uu. 

T.: (e222), dee 30 — 3u—o. 

8 (23) Ree: o—4u—4o-—uw. 

@ G23) b-==Rs u—4o—4u—o. 

10, (24). (Reo: o-u—o—3u—o0-—u-—so-—U. 

11. (¢=4) L-——R: u—-o—u—30—u—o—3u—o. 

12.. (5). Rea Gs u-o-u—o0—2u—o0—u—o-—u—20—-U—o-t. 

i3; Geo) baer. o-u-o-—u—20-u—o-—u—o—du—-o-u—o. 

14. (i=6) R—L: u—-o—-u—-20-2u—0—u—0—2u—2o—-u—o-t. 
Example 3: 


Suppose we want to braid an 8-parts and 13-bights (p = 8 and 6 = 13) Column-coded 
Regular Knot, whose Column-coding is as given below: 
columns numbered 


left to right —> (+ 2 3 42 Sb © FT 8 
ee fF Me 
right to left —- g 7 6 5 4 3 2 1 O 


First we construct the complementary cyclic bight number-scheme which, as we have 
seen in Example 1, can be done in two ways: 
(A) Mark on a horizontal line a number of positions that is equal to the number of 
bights. Hence we have to mark off 13 positions as follows: 
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To these positions we shall allocate bight-numbers. The value of |—p]|, is used in this 
process. Thus in this example we have to use the value |—8|,, = 5. 


The first position on the left-hand side is, as we have seen in Example 1, always 
given the bight-number 0. Now count 5 further positions to the right, and give this last 
position the bight-number 1, 

0 1 


Count again 5 further positions to the right, and give this last position the bight- 
number 2. Hence the following result is obtained: 
0 1 2 


Count again 5 further positions to the right, and give this last position the bight- 
number 3. In this counting of positions to the right, it should be realised that the bights 
on a bight-boundary lie equally spaced on a circle, hence after the last position on the 
right follows the first position on the left, which was given the bight-number 0. Hence 
the following result is obtained: 

0 3 1 2 


Keep repeating this construction process of the complementary cyclic bight-number 
scheme till all the positions have received a bight-number. This will result in the fol- 
lowing complementary cyclic bight-number scheme for our example: 


0 8 3 116 1 9 4 12 7 2 #105 


(B) The reader will observe that in the above derived complementary cyclic bight- 
number scheme the difference between any two consecutive bight-numbers is equal to 8. 
Note that the difference between the bight-numbers 8 and 3 is equal to 8 since 8+-8 = 16, 
but bight-number “16” is bight-number 3, due to the cyclic positioning of the bights on 
the bight-boundaries of the Regular Knot. Hence when the bight-number of a position 
in this complementary cyclic bight-number scheme is known (say its value is x), then 
its consecutive bight-number will be la + 8|, = |e + 8|,3- Thus, for example, when z is 
equal to 11, its consecutive bight-number is equal to {11 + 8|,, = |19|,, =6. 


As mentioned in Example 1, this difference between two consecutive bight-numbers 
in the complementary cyclic bight-number scheme is indicated by the symbol A*. 


The value of A* can be calculated by means of the following formula: 
m*-b6+ 1 


At = 
I—pl, 


b 
The value of m* is to be that integer (positive, zero or negative) which is such that 


the value of 


m* . Leen + 1 
I—p|, 


is the smallest whole number possible. 


Integers are the numbers: ... y—3,-2,—-1,0, +1, 42,43, -:- 
Whole numbers are the numbers: 0, +1,42,+3,.--- 
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Hence in our example we obtain the following calculations : 
rpg #2] _ | PShy + _ ow 88h 1) 
|-Pl, | |-8|i3 5 
+s the smallest whole number possible. 
This will be the case when we take m* = —2. Then: 


—2-13+1 —2-134+1 —25 
cr eee a aa ean ae I-5|,3 =8- 
= l13 13 13 


We have already seen above how we can construct, with the aid of the A*-value, the 
complementary cyclic bight-number scheme, starting at the left-most position which 
carries always the bight-number 0. 


m*-34+1 
5 


m*-b+1 
l-pl, 


b 


A* = 


—7 
oe 


13 


After obtaining, either by the method under (A) or by the method under (B), the 
complementary cyclic bight-number scheme, we incorporate it in the diagram which 
displays the column-coding, and the column numbering from left to right and from 
right to left. For the convenience of the reader we repeat this diagram below: 
columns numbered 


left to right —> 012 3 4 5 6 7 8 
cr. ae Sg 
right to left —- s 7 6 5 4 3 2 1 9D 


Firstly, we insert the obtained complementary cyclic bight-number scheme between 
the “columns numbered left to right” line and the “coding” line, starting at column- 
number 0. 

Secondly, we insert the obtained complementary cyclic bight-number scheme in re- 
verse order between the “coding” line and the “columns numbered right to left” line, 
starting at column-number 0. 

Since the “bight-numbers” lines have to extend to or have to be repeated to the 
position with the last coding, we only use a portion of the “bight-numbers” lines in this 


Example. 
Hence we shall obtain the following result : 
Columns: L — R 0 12 3 4 5 6 7 8 
Bight-numbers —> 0 8s 3 116 1 9 4 
a a a 
Bight-numbers «— 4 9 1 6 113 8 OY 
Columns: L -— R g 7 6 5 4 3 2 1 0 


This algorithm-diagram contains all the information required for braiding the re- 
quired 8-part/ 13-bight knot. 


With a little experience we can braid the knot directly from it, or lacking such expe- 
rience, we can first write down the half-cycle braiding algorithms from this algorithm- 
diagram, and braid the knot from that. Since this algorithm-diagram is a general 
algorithm-diagram for the construction of the knot in question, we can braid this knot 
in any way desired. We can braid it wholly “upwards”, starting with the first half-cycle 
at a left bight and moving from lower-left to upper-right, or we can braid it wholly 
“downwards”, starting with the first half-cycle at a left bight and moving from upper- 
left to lower-right; when left-handed, we can braid it wholly “upwards”, starting with 
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the first half-cycle at a right bight and moving from lower-right to upper-left, or we 
can braid it wholly “downwards”, starting with the first half-cycle at a right bight and 
moving from upper-right to lower-left. We can also braid it partly “upwards” and partly 
“downwards”, a preferred way when the dimensions of a knot are such that a long length 
of string is required in its construction. 


As mentioned under example 1, each bight-number is, in general, associated with 
two consecutive half-cycles; an even one and an odd one. The odd half-cycle “intersects” 
the same column-numbers as the even half-cycle (note that the column-numbers are 
the same, not the columns, since for one half-cycle the columns are numbered from left 
to right, and for the other, the columns are numbered from right to left). 


When an even half-cycle is indicated by he, then its associated bight-number j is 
equal to: h, —9 
aa oe 
and when an odd half-cycle is indicated by ho, then its associated bight-number 7 is 
equal to: h, —3 
ae 
A half-cycle (even or odd) which is associated with bight-number 7 intersects 
all column-numbers which in the algorithm-diagram correspond to the bight- 


numbers which are less than or equal to 7. 
Thus for example, the 16%" half-cycle is associated with bight-number: 


he-2 16-2 14 — 
2 0 ©6200 
If we braid this half-cycle upwards from right to left, we obtain from the algorithm- 
diagram for this half-cycle the following algorithm: 
o—3u. 
Note: intersected Column-numbers are (right to left) 2,4,5,7. 


— 


If, for example, we braid this half-cycle downwards from left to right, we obtain 
from the algorithm-diagram for this half-cycle the following algorithm: 
o—3u. 
Note: intersected Column-numbers are (left to right) 2,4,5,7. 


The 9" half-cycle, for example, is associated with bight-number: 
. he-3 9-3 6 


~=3. 
ar: 5 =o 
If we braid this half-cycle upwards from left to right, we obtain from the algorithm- 
diagram for this half-cycle the following algorithm: 
U—o. 
Note that we intersect the Column-numbers (left to right) 2,5. 
If, for example, we braid this half-cycle downwards from right to left, we obtain 
from the algorithm-diagram for this half-cycle the following algorithm: 
uU—O. 
Note that we intersect the Column-numbers (right to left) 2,5. 


Below we present the complete al 
wards; for each half-cycle its associate 


(1 = 0) 
(1 = 0) 
(1 = 1) 
(1 = 1) 
(1 = 2) 
(1 = 2) 
(1 = 3) 
(1 = 3) 
(1 = 4) 
(1 = 4) 
(i = 5) 
(i = 5) 
(1 = 6) 
(1 = 6) 
(1 = 7) 
(i = 7) 
(1 = 8) 
(i = 8) 
(1 = 9) 
(1 = 9) 
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L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
R—L: 
L—R: 
(1 =10) R—-L: 
(i = 10) | ees ae 
(i =11) R—>L: 
(i = 11) | ee se 
G12) Raabe 


gorithm-table for braiding this knot wholly up- 
d bight-number is indicated. 


free run. 
free run. 
free run. 


26 
Refinements 


On page 12 of the previous Section we stated that two refinements could be applied 
to the use of the half-cycle algorithm method for braiding a Column-coded Regular 
Knot. These refinements are: 

(I) By starting the braiding at the midpoint of the string-length which 
is used in the construction of a Column-coded Regular Knot. 

This method of braiding has obviously great advantages when the string- 
length required is long. It avoids a long length of string to be continuously 
threaded through the braid-work completed so far, thus preventing, or at 
least minimizing, damage to both. Furthermore, it speeds up the braiding 
process considerably. 

(II) By checking the progression of the construction of a Column-coded 
Regular Knot with the aid of the “Standing End” of the string. This aids 
the avoidance of mistakes during the construction stage of the knot. 


The required information for both these refinements is already contained in the 
algorithm diagram of the Column-coded Regular Knot. This once again shows the 
great versatility of those diagrams, giving further reason why the serious braider should 
become well aquainted with them. We shall now discuss these refinements. 


(I) By starting the braiding of the knot at the midpoint of the string, half the knot is 
braided “upwards” and half the knot is braided “downwards”. Suppose we start with 
braiding upwards, then the last half-cycle in this upwards braiding-phase should be an 
even half-cycle. For example, a knot with 10 bights has 20 half-cycles in total, and hence 
the last half-cycle in this, upwards braided, first part of the construction process should 
be the 10 half-cycle. From the 11¢# half-cycle onwards (starting with the other half of 
the string, hence the “Standing End” in the first half of the knot construction becomes 
the “Working End” in the second half of the knot construction) we braid downwards. 
Hence in the algorithm-table for braiding wholly upwards, we have only to change 
all the crossing-types in the half-cycle algorithms for half-cycles 11 and higher to the 
opposite type, replacing each u by o and vice versa. 

Note that the “Working End” of the end of the last half-cycle in the first half of the 
braiding process becomes the “Standing End” in the second half of the braiding process 
(see Fig. 14). 


Instead of obtaining the algorithm-table from the one for wholly braiding upwards, 
we can also obtain it directly from the algorithm-diagram of the knot. 


If this 10-bight Column-coded Regular Knot is the one of Example 1, then, as shown 
there, its algorithm-diagram is: 


Columns: L —+ R 9 1 2 3 4 5 6 7 8 g wy 12. 13 
Bight-numbers —> 0 3 6 9 2 5 8 1 4 7 «4g 3. 6 
ree eae ee he ee 
Bight-numbers —— 6 3 0 7 4 1 8 5 2 9 6 3 0 
Columns: L —— R 13 12 11 10 9 8 7 6 5 4 3 9 1 0 
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Fig. 14 — The two braiding phases. 


28 


The algorithm-table for braiding this knot in the manner described above is as 


follows: 


1. L—R: free run. 
2. (¢=0) R—L: O. 
upwards 3. (2=0) L—R: O. 
4. (:=1) R-—L: uU—oO. 
5. (2=1) L—GR: uU—Oo. 
6. (t=2) R-4L: 2u—o. 
7 (=2) L—R: 2u—o. 
8. (c=3) R—L: o—2u—o-u. 
9. (¢=3) L—R: o—2u—o-u. 
10. (¢=4) R-—GL o—3u-—o-u. 


ll. ((=4) L—R: u—3o0—u-—o. 

12. (««=5) R-—oL: u—o—u—2o—u-—o. 
downwards 13. («=5) L—R: u—o-—u—2o—-u-—o. 

14. (¢=6) R-—sL: 2u—o-—u—2o0—u—2o. 

15. («=6) L—R: 2u—o—u—20—u-—2o. 

16. @=7) R—L: 2u —o—u—2o— 2u —2o. 

lie Ge7) TLRs 2u —o—u—20— 2u — 2o. 

18. (¢=8) R-—L: 2u — 0 — 2u — 20 — 2u — 2o. 

19, (“@=8) L—>R: 2u — 0 — 2u — 20 — 2u — 2o. 

20. «@=9) R—-L: 2u — 20 — 2u — 20 — 2u — 2o. 


When the Column-coded Regular Knot has an odd number of bights, say for example 
13, then we could braid, say upwards,the first 12 or 14 half-cycles (the last half-cycle 
braided upwards should be an even half-cycle). We take 14 half-cycles, since the number 
of crossings laid down during the first part of the knot construction process is less than 
the number of crossings laid down during the second part of the braiding process. Thus 
from the 15‘" half-cycle onwards (starting with the other half of the string, hence the 
“Standing End” in the first part of the knot construction becomes the “Working End” 
in the second part of the knot construction) we braid downwards. Consequently in the 
algorithm table for braiding wholly upwards, we have only to change all the crossing- 
types in the half-cycle algorithms for half-cycles 15 and higher to the opposite type, 
replacing each u by o and vice versa. 

Note again that the “Working End” of the end of the last half-cycle in the first half 
of the braiding process becomes the “Standing End” in the second half of the braiding 
process. 

Instead of obtaining the algorithm-table from the one for wholly braiding upwards, 
we can also obtain it directly from the algorithm-diagram of the knot. 


If this 13-bight Column-coded Regular Knot is the one of Example 3, then, as shown 
there, its algorithm-diagram is: 


Columns: L —+ R 0 1 2 3 4 5 6 7 8 
Bight-numbers —> 0 8 3 116 1 9 4 
Pe fe ye XN F 
Bight-numbers —— 4 9 1 6 113 8 QO 
Columns: L —— R S F ©) & a4 B 2 7 @ 
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The algorithm-table for braiding this knot in the manner described above is as 


follows: 


PT 


ih L—R: free run . 
2. (i=0) RL: free run . 
upwards 3. (1=0) L—R: free run. 
4. (i=1) RL: u. 
5. (i=1) L—R: O. 
6. (=2) R—L: U. 
7. (@=2) L—R: O. 
g. («=3) RL: o—U. 
9. (§=3) LR: Uo: 
10. («=4) R—L: o—2u. 
11. (@ =4) L—R: u—20. 
12. (¢=5) R—L: o—2u. 
13. (¢=5) L—R: u—2o. 
14. ((=6) R—-L: o— 3u. 
15. ((=6) L—R: o— 3u. 
16. (j=7) RL: u—3o. 
downwards 17. (@=7) L—R: o— 3u. 


o—u—3so. 
u—o—3su. 
o-u—20—-uUu—<2. 
u—-o—2u—-o-U. 
o—-u—2zo—-uUu-—oO. 


is. (= 8) R—L: 
19. G@=8) L—R: 
20; (2=9) R—L: 
We. (G9) L—R: 
De: (i=10) R-——-L: 
23: (i =10) L—R: 
4, eek) R—L: 
9. (i=11)L—R: 
26. (j=12) R—>L: 


u—-o—2u—o-—-U. 
o-u—3so—u-—o. 
u—-o—3u—oO-U. 
o—-u—30—u—oO. 


(II) ff unknowingly an accidental mistake is made in the execution of one or more 
half-cycle braiding algorithms, not only a lot of time may be wasted, but worse, the 
string has been subjected to a lot of unnecessary “wear”. Therefore having a means of 
keeping a constant check on the braiding progress can be of great value to the artisan. 
Such a means is readily available when the Column-coded Regular Knot is braided by 
the “half-cycle algorithm” method. It is already incorporated in the algorithm-diagram 
of the knot. It consists of checking the even half-cycles during the braiding process 
with respect to the “Standing End”. This is done by indicating in each even half-cycle 
algorithm which crossing or crossings it makes with the “Standing End” (depending on 
the values for p and 6 it may well be that some even half-cycles don’t cross the “Stand- 


ing End”). We shall indicate such a crossing OT crossings by means of the following 
convention: 
An entry °°: — (1,8,2)40 —9* ‘ndicates that in this set of 4 overs, the Qn over 


crosses the “Standing End”. 
Anentry --:—(s)u-"": ‘ndicates that this single under crosses the “Standing End”. 
Anentry -::—(5,2,55 3.6.2) LU indicates that the string crosses the “Standing 
End” on the 1%, 4th and 8" under in this set of 10 unders. 
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In the algorithm-diagram of the Column-coded Regular Knot, the crossing(s)s which 
an even half-cycle belonging to bight-number i makes with the “Standing End” is(are) 
on the column-number(s) which correspond(s) with the bight-number 7. 


Example 4: 


Suppose the Column-coded Regular Knot is as in Example 1, and we braid it wholly 
by the upwards braiding method. For convenience we repeat here its algorithm-diagram: 


Columns: L —+ R 0 1 2 3 4 5 6 7 @8 9 10 11 12 13 
Bight-numbers —> 0 3 6 9 25 8 1 4 7 0 3 6 

a ao oo a ee 
Bight-numbers —— 6 3 0 7 4 1 8 5 9 9 6 3 O 
Columns: L ~— R 1312 1110 9 8 7 6 5 4 3 2 1 9 


From this algorithm-diagram we read that the 14th half-cycle (¢ = 6) for example, 
which runs from lower-right to upper-left, intersects the “Standing End” on the Column- 
numbers 2 and 12, hence its half-cycle algorithm becomes: 

(1,s)20-—u—o—-2u—o~— (1, s)2u . 

The half-cycle algorithm for the 10¢* half-cycle (¢ = 4) will be: 

o—(2,8)3u—o-—u. 

Note that it intersects the “Standing End” on Column-number 8. 


The complete algorithm-table wil] be as follows: 


1 L—R: free run. 

2. (t=0) R-GL: (s)o. 

3 ) LGR: O. 

2 (peek). Rist 1% (s)u—o. 

oe “pee d) Toh U—o. 

6: G2) Reais (s,1)2u—o. 

Ce G2) Tees Riz 2u—o. 

S es) Rea] < (s)o— 2u—o-—(s)u. 
Oe. (oe 3) “Brews Ris o—-2u—o-u. 

EO’, (ise) Resos],. 3 o—(2,s)3u-—o-—u. 
Me (4) Tas Rs o— 3u—o-—u. 

i (05) Ress o—u—(s)o—2u—o—u. 

I3. («=5) L—GR: Oo-u—o—2u—o-u. 

14, (6) Re]. (1, s)20 —u—o-2u —o0-(1,s)2u. 
1S), AO). 12k 20—-u—o-—2u—o—2u. 

10% (327), Rs 7s 2o—u—o-—2u—(s,1)20—2u. 
17 ) L—GR: 20—-u—o-2u—20—2u. 

13. “(= 8) Ras], + 20 —u —(1,s)20 — 2u — 20— 2u. 
19 ) L—GR: 20 —-u — 20 — 2u — 20 — 2x. 

20 ) R--L: 20 — (s,1)2u — 20 — 2u — 20~-2u. 


Braiding a Column-coded Regular Knot by starting at the centre of the string-length 
does not affect the Column-numbers where an even half-cycle intersects the “Standing 
End” of the phase in question (recall that the second phase has a different “Standing 
End” from the first phase). 
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Thus, for example, if the above knot is braided by starting at the centre of its string- 
length, and the first phase of braiding is “upwards” with its first half-cycle beginning 
at a left-hand bight, then the associated algorithm-table is as follows: 


OO 


1. L—R: free run. 
2. («=0) R-——-L: (s)o. 
upwards 3. (@=0) L—R: O. 
4. (t=1) R-——L: (s)u—o. 
5. (=1) L—R: u—o. 
6. (G=2) ROL: (s,1)2u-o. 
7 (@=2) L—R: 2u—o. 
8. (@=3) R-—L: (s)o—2u—o-—(s)u. 
9. (=3) L—R: o—2u—o-u. 
10. («=4) R—L: o — (2,s)3u —o—wu. 
es 
ll. («=4) L—R: u—30—u-—o. 
12. (25) Re be; u—o—(s)u—20—u—o. 
downwards 13. (t=5) L—R: u—o—u—20—u—o. 
14. @=6) R--L: (1,s)2u —o-u—20—u—(I1,s)20. 
15. («@=6) L—R: 2u—o—u—20—u-—2o. 
iG; Get) KResbs 2u —o—u-—2o0-(s,1)2u — 20. 
li. Cet) LR: 2u—o0—u—2o0— 2u— 2o. 
18... :@=8). Ra Lk: 2u —o —(1,s)2u — 20 — 2u — 2o. 
19. («=8) L—R: 2u —o — 2u — 20 — 2u — 2o. 
20. G@=9) RL: 2u — (s,1)20 — 2u — 20 — 2u — 2o. 
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Braiding by Weaving-pattern 


We have remarked earlier that braiding a knot by means of its weaving-pattern is 
not a recommendable method, for the reasons quoted. However, there will always be 
braiders who have no desire to produce original or varied work, some of whom will swear 
by the “weaving-pattern” method of braiding. Needless to say, these braiders will never 
make the grade of braiding-artisan. 

We shall first discuss the most simple form of “weaving-pattern” braiding, whereby 
each successive odd half-cycle is adjacent to its immediately preceeding odd half-cycle 
(and hence each successive even half-cycle is also adjacent to its immediately preceeding 
even half-cycle). 

This condition can only occur when the value of lp|, is either equal to 1 or equal 
to (6 — 1). It explains the reason why some braiders never progress beyond braiding 
such dimensioned Regular Knots. Before our braiding methods were developed, it were 
undoubtedly the easiest of regular knots to braid; but with our braiding methods the 
braiding of any other dimensioned Regular Knot is just as easy. Hence there is no need 
to restrict oneself to such common-place knots, which are often dimension-wise, not the 
best for many applications. 


We shall discuss below an example of a Regular Column-coded Knot for each of the 
above indicated cases (that is for Ip|, = 1 and |p|, = b — 1) respectively. 
Example 5: 


Suppose the Regular Column-coded Knot is a 17-part /8-bight 2-pass Gaucho Knot 
with the following coding (note that P= ll p= 1): 


columns numbered 
left to right —> OT 2 3.4 


5 6 7 8 Q 
Pay’ Puy F 
right to left —+ 17 16 15 1413 12 1110 9 8 


~I 
D — 
on 
a —~ 
Oo ~~ 
bo 
At 


The complementary bight-number scheme of this knot can be drawn up by using the 
value of |—p|, or by using the value of A* as discussed earlier. The value of I—p|, is 
equal to |-17|, = 7 and the value of A* is 7 (m* is —1). 

The reader will note that, when lp|, = 1, the value of |—p|, and the value of A* are 
both always equal to (b — 1); and the value m* = —1. 


Hence the complementary bight-number scheme of this knot will be as follows: 
Oa 76: 3 
We have now obtained all the necessary information which enables us to draw up 


the algorithm-diagram belonging to the knot of our example. This algorithm-diagram 
is as follows: 


Columns: L —+ R Od 2 io A Be BO TO 0 a 
Bight-numbers —> 0 7 65 43 21076 5 423 2«i21«~9 

a oe or oy a a a a 
Bight-numbers —— 09 123 45 6703123 45 67 «0 
Columns: L+~—R_ 17 16 15 14131211109 8 7 6 5 4 3 2 1 0 
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It is now a simple matter to braid the knot directly from this algorithm-diagram, 
which in this case is identical with braiding it to its weaving-pattern. When the knot 
is braided upwards, then, since |p|, = 1, the 3°? half-cycle lies immediately above and 
adjacent to the 1** half-cycle, the 4°” half-cycle lies immediately above and adjacent to 
the 2”¢ half-cycle, and so on. 


Example 6: 


Suppose the Regular Column-coded Knot is a 17-part/9-bight 2-pass Gaucho Knot 
with the following coding (note that |p|, = |17|, =8 = 5-1): 


columns numbered 

left to right —> 0123 4 5 6 7 8 9 
a a oe ee ee ee ee ee ee 

right to left —> 17 16 1514131211109 8 7 6 5 4 3 2 1 Q 


The complementary bight-number scheme of this knot can be drawn up by using the 
value of |—p|, or by using the value of A* as discussed earlier. The value of |—pl, is 
equal to |-17|, = 1 and the value of A* is 1 (m* is 0). 

The reader will note that, when |p|, = —1, the value of |—p|, and the value of A* 
are both always equal to 1; and the value m* = 0. 


Hence the complementary bight-number scheme of this knot will be as follows: 


012 3 4 5 6 7 8 


We have now obtained all the necessary information which enables us to draw up 
the algorithm-diagram belonging to the knot of our example. This algorithm-diagram 
is as follows: 


Columns: L—+R 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Bight-numbers > 0 12 3 4 5678 0123 45 67 

i oe ae ee ee ee ee ee 
Bight-numbers —— 765432108 765 43 2 21 0 
Columns: L~+—-R 1716 1514131211109 8 76 5 4 3 2 1 0 


It is again a simple matter to braid the knot directly from this algorithm-diagram, 
which in this case is identical with braiding it to its weaving-pattern. When the knot 
is braided upwards, then, since |p|, = 8 = b—1, the 3° half-cycle lies immediately 
below and adjacent to the 1** half-cycle, the 4** half-cycle lies immediately below and 
adjacent to the 2”¢ half-cycle, and so on. 


The weaving-pattern method of braiding cannot only be applied to Column-coded 
Regular Knots for which |p|, = 1 or |p|, = 6-1, but it can also readily be used with 
those for which |2p|, = 1 or |2p|, = 6-1; |3p|, = 1 or |3p|, = —1; and |4p|, = 1 or 
4p], = 5-1. 

We have seen that in the cases |p|, = 1 and |p|, = 6 —1, the bights on each bight- 
boundary are formed as one set by laying down each successive bight adjacent to the 
already existing ones. 

For |2p|, = 1 and |2p|, = b—1, the bights on each bight-boundary form two sets. For 
|2p|, = 1, one set consists of the bight-index numbers 0,1, 2,°::, (|p|, — 1) and the 
other consists of the bight-index numbers |p|, , ({p|, +1), (\pl,+2)) °° » (0-2), (0-1). 
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These sets are built up alternately, starting with bight-index number 0, the next one 
laid down is bight-index number |p|,, then follows bight-index number 1 adjacent to 
bight-index number 0, next comes bight-index number (|p|, +1) adjacent to bight-index 
number |p|, , then follows bight-index number 2 adjacent to bight-index number 1, next 
bight-index number (|p|, + 2) adjacent to bight-index number (lp|, +1), and so on. 

For |3p|, = 1 and |3p|, = b — 1, the bights on each bight-boundary are formed in 
three sets; the first set begins with bight-index number 0, the second set begins with 
bight-index number |p|, , and the third set begins with bight-index number |2p|, . The 
three sets are built up sequentially with each new bight in a set adjacent to the previous 
one of the set. 

For |4p|, = 1 and |4p|, = b—1, the bights on each bight-boundary are formed in four 
sets; the first set begins with bight-index number 0, the second set begins with bight- 
index number |p|,, the third set begins with bight-index number |2p|,, and the fourth 
set begins with bight-index number |3p|,. The four sets are again built up sequentially 
with each new bight in a set adjacent to the previous one of the set. 


We shall illustrate the above cases with some examples below. 


Example 7: 


Suppose the Regular Column-coded Knot is a 17-part/11-bight 2-pass Gaucho Knot 
with the following coding (note that |2p|, = |34|,, = 1): 


columns numbered 


left toright — 0 1 2 3 4 5 6 7 8 9 1011 1213 14 15 1617 
a ee | 
right toleft —- 171615 14131211109 8 765 4 3 21 0 
9 


3 
We obtain: |—p|, = I—-17|,, =5, m*=-1, A*= 


is as follows: 


Columns: L—+R 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 1617 
Bight-numbers —> 0 9 7 5 3 1108 64209 7 5 3 1 
PEN Ee AN To he MP oP AS 
Bight-numbers —— 13 5 79 02 4 6 81013 5 79 Q 
Columns: L+—R_ 17 16 15 14131211109 8 765 43241 9 


Example 8: 


Suppose the Regular Column-coded Knot is a 17-part /7-bight 2-pass Gaucho Knot 
with the following coding (note that |2p|, = |34|, = 6 = 6-1): 


columns numbered 


left to right —> 0 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Be NM oN a ye A Py aS 
right to left —> 17 16 15 1413 12 1110 9 8 7 6 5 4 3210 
We obtain: |—p|, = |-17|, =4, m*=1, A* =2. Hence its algorithm-diagram is 
as follows: 
Columns: L—+R 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 
Bight-numbers —> ) 2 424 °6 1 8 > 0 24 6 1 3S 6 Oo 4 
a ee a oe a a a ee a or 
Bight-numbers «— 4 2 0°95 3 1-6 42-0 5 8 1-6 4 2 oO 
Columns: L+—R_ 17 16 15 14131211109 8 76 5 4 3 21 Q 
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Example 9: 


Suppose the Regular Column-coded Knot is a 17-part/10-bight 2-pass Gaucho Knot 
with the following coding (note that |3p|, = |51|,, =6 = 1): 


columns numbered 
left to right ——> 0 


right to left ——> 17 16 15 14 13 12 11 10 
We obtain: |—p|, = |-17|,, =3, m*=—1, AT = 
is as follows: 


Columns: L — R 0 
Bight-numbers —> 0 


Bight-numbers «— 


Columns: L —-R_ 17 16 15 14 13 12 11 10 


Example 10: 


Suppose the Regular Column-coded Knot is a 17-part/13-bight 2-pass Gaucho Knot 
with the following coding (note that |3p|, = |51|,, =12=6-1): 


columns numbered 


left to right —> 0 10 11 12 13 14 15 16 17 


i 22 3 a SS OS 
FEN FTN EE AN EE ON 
right to left —- 17 16 15 1413 12 11 10 9 8 
We obtain: |—p|, = |-17|,, =9, m*=2, A*=3 


is as follows: 


7 65 4 3 2 1 «=O 


. Hence its algorithm-diagram 


Columns: L — R 012 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 
Bight-numbers —> 0 3 6912 2 5 8 11 1 4 7100 3 6 9 
oe Me Ae a ee ee 
Bight-numbers —— 9 6 3 0107 4 111 8 5 2129 6 3 0 
Columns: L~=—-R 17 161514131211109 8 7 6 5 43 2 1 OQ 


Example 11: 


Suppose the Regular Column-coded Knot is a 13-part/17-bight 2-pass Gaucho Knot 
with the following coding (note that |4p|, = |52|,, = 1): 


columns numbered 


left to right —> 0 £ O9 8 42: & 6 FF @ BY 10° 11 22 te 
ree SF FN Re FY 1 
right to left —— 13 12 11 10 9 8 7 6 5 4 3 2 1 = 0 
We obtain: |—p|, = |-13|,, =4, m* =—-1, A* =138. Hence its algorithm-diagram 
is as follows: 
Columns: L — R OO 2 2 3S @ 8 @ F @ @ 10 Th 12 is 
Bight-numbers —> 0 138 9 5 1 14 10 6 2 15 11 7 38 
a a re ee a a ee cr 
Bight-numbers «— 3 7 11 15 2 6 10 141 5 9 #18 =O 
Columns: L —— R 13 12 11 10 9 8 7 6 5 4 3 2 1 = 0 


a 8 


